A 19 week female fetus is described with a de novo X;1 reciprocal balanced trans-
Genes for a number of eye diseases are located on the X chromosome and several, such as Norrie disease, retinitis pigmentosa type 2, cone dystrophy, congenital night blindness, and Aland Island eye syndrome, map to the same region of the short arm.' One of these, Norrie disease, has been well characterised.
In Norrie disease, blindness is often present from birth, and a proportion of patients later develop mental retardation, psychotic behaviour, and sensorineural deafness.' Linkage analysis and deletion mapping led to the gene being localised to the region of Xpll.3.?-A candidate gene was isolated by positional cloning, within which mutations have been identified in affected, but not in normal, people.67 Despite this, chromosomal studies on a family with affected subjects and an X chromosome rearrangement suggested that the gene was located around Xp 1 4.8 The gene product has significant homologies to a number of extracellular proteins,9 and three dimensional modelling shows a similarity to transforming growth factor 1.10 We describe a fetus found at prenatal diagnosis to have a de novo balanced X; 1 reciprocal translocation in whom, following termination of pregnancy at 19 weeks, the eyes were clearly abnormal and appeared to show pathological changes consistent with the early stages ofNorrie disease.
Case report This was the sixth pregnancy of a healthy white couple aged 37 and 41 years. The previous children, five boys and one girl, are well, including a boy, one of twins and now 13 years old, who had surgery during infancy for transposition of the great vessels. The family history did not indicate anything significant except for a niece on the paternal side who had multiple abnormalities and died. No precise diagnosis had been made but a chromosome abnormality was suspected. For this reason, and on grounds of maternal age, chorionic villus sampling was performed in the 11th week of pregnancy. The chromosome complement from both direct and cultured preparations showed a female fetus with a balanced reciprocal translocation between the X chromosome and chromosome 1. In view of this unexpected finding, and because the tissue sample had been very small and obtained from a single site, an amniocentesis was subsequently performed. The chromosome abnormality was confirmed. Both parents had normal karyotypes, so the fetus appeared to have a de novo translocation: 46,X, t(X;1)(pl1.4;p36.3). The parents were informed that, since the X chromosome was involved, there was some risk of a mental or physical abnormality in the child, and because the gene for Norrie disease has been mapped to the area of the X chromosome involved in the translocation, there was the possibility that this gene might have been disrupted. The parents requested termination of the pregnancy.
The female fetus was of a size and stage of development consistent with its gestational age of 19 weeks. There was mild ocular hypertelorism and small, low set ears. The right lung had only two lobes, but the fetus was otherwise grossly normal except for the eyes.
Pathology of the eyes Both eyes were clearly abnormal (fig 1) . On macroscopic examination, the right eye showed an organised retrolenticular fibrotic mass with the vessels being ensheathed in a denser mass of fibrous tissue filling the vitreous and causing focal detachment of the retina. The left eye was similar, but less severely affected. It showed a mass of vessels persisting in the vitreous forming a conical postlenticular mass, from which there had been small focal haemorrhages. The leash of vessels was associated with an organising delicate fibrous membrane. Microscopically, the presence of a persistent primary hyperplastic vitreous in both eyes was confirmed, arising as a result of the prolonged presence of the hyaloid artery within the eyes and the subsequent development of a fibrovascular membrane. In the retinas there were some artefactual Lange's folds, but no evidence of true retinal dysplasia. As Cytogenetic studies Blood, umbilical cord, spleen, ovary, and skin from the fetus were cultured separately, and each showed the abnormal karyotype with the breakpoint on the X chromosome clearly at p11.4.
X inactivation studies were performed on fibroblast cells using 5-bromodeoxyuridine (BrdU) incorporation, followed by staining with Hoechst 33258 in the dark, then ultraviolet light exposure, and final staining with Leishman's. Since this method uses a B pulse of BrdU, late replicating regions appear pale.
In all 43 metaphases studied, the normal X chromosome was the late replicating chromosome. This normal X was consistently pale throughout its length and so was considered to be completely inactivated. Neither of the translocated products showed any evidence of late replication. In particular, the derived X was always dark staining and so appeared to be the active X chromosome in every cell examined. There are several possibilities. There could be a point or other small mutation in a region ofthe Norrie disease gene other than the coding sequence which has arisen de novo in addition -.* to the translocation. However, this is considered unlikely. Another possibility is that the fetus has a different eye disorder, either a previously unrecognised "Norrie-like" disease or because one of the other eye disease genes known to be in the same region of the X chromosome, or a dominant gene on chromosome 1, has been disrupted by the transal on the location. Retinitis pigmentosa 2 is located at *he derived X Xp 11.4; however, it, and the other disorders which map to that region of Xp are excluded because their pathology in no way resembles that found in the fetus. There are no known eye disease genes in the region of chromosome 1 involved, but a retinoblastoma binding prorocal trans-tein is possibly located there. The cloning of 1.4 showed the breakpoints in this case could be a strategy consistent to identify a gene for a Norrie-like syndrome. ie disease. It may be ofrelevance to note that it has recently s of Norrie been found that X linked familial exudative romosomal vitreoretinopathy, previously thought by linkic inversion age data to involve a gene close to that ofNorrie ignment of disease,'5 actually results from a mutation in the other a highly conserved region of the Norrie disease ced trans-gene itself,'617 suggesting allelic heterogeneity 1. Thus at at the Norrie locus. Because of the lack of .is too had knowledge of early pathology, X linked familial is assumed exudative vitreoretinopathy cannot be excluded within, and in this fetus.
The fact remains that despite the molecular y in micro-genetic findings, the eyes of this fetus clearly at the Nor-show pathological features consistent with the .3"5 rather presumed early stages of Norrie disease. Howstudies in ever, because of its rarity, the early stages of the g the entire pathogenesis are not delineated. A previously at Xp 11.3, reported 11 We are extremely grateful to Dr Wolfgang Berger for the gift of the cosmids and to Dorien Van de Pol for performing the SSCP studies.
